Background and objectives Bloodstream infection rates of patients on hemodialysis with catheters are greater than with other vascular accesses and are an important quality measure. Our goal was to compare relative bloodstream infection rates of patients with and without catheters as a quality parameter among the facilities providing hemodialysis.
Introduction
It is well recognized that patients with ESKD receiving hemodialysis with a central venous catheter as their vascular access experience higher rates of bloodstream infection (1) (2) (3) . Whereas the bloodstream infection rate reported by the Centers for Disease Control and Prevention (CDC) for 2014 in patients with an arteriovenous fistula was 0.26 per 100 patient-months, in those with a catheter, it was 2.16 (4, 5) . Reports have noted considerable variability between facilities and infection control interventions can reduce facility bloodstream infection rates (6) (7) (8) (9) (10) . These data, and the higher mortality rate of patients with a catheter (3, (11) (12) (13) , have prompted the Centers for Medicare and Medicaid Services (CMS) to consider both the proportion of patients with a catheter and the bloodstream infection rates in hemodialysis facilities as quality measures in the ESKD Quality Incentive Program (QIP) (14) . CMS will penalize hemodialysis facilities with higher percentages of patients with catheters or higher bloodstream infection rates through the risk of reduced Medicare reimbursement (14) and lower fivestar ratings (15) . Furthermore, the CDC has initiated a partnership among organizations, including dialysis providers, the "Making Dialysis Safer for Patients Coalition," whose goal is to "improve adherence to evidence-based recommendations" to prevent bloodstream infections in patients receiving hemodialysis (16) . We noted wide variations of the bloodstream infection rates in patients with catheters among hemodialysis facilities in New England, prompting a study of bloodstream infection rates in 2015 and 2016.
Materials and Methods

Study Population and Data Sources
We obtained data for each month of the calendar years 2015 and 2016 from CROWNWeb, as well as bacteremic bloodstream infection data from the National Healthcare Safety Network (NHSN). Each Medicare facility that provides outpatient maintenance hemodialysis for patients with ESKD in New England is required to file data on all patients in their facility each month. We excluded Veterans Administration and pediatric facilities, and four facilities that had data for fewer than six of the 24 months. Three facilities were missing monthly observation data on the number of patients with catheters and that month's data were removed from the analysis. The monthly data by facility included the following: (1) total number of patients receiving hemodialysis recorded on the first two working days of the month, (2) number of patients with catheters, (3) number of bloodstream infections recorded by the last day of the month for patients with all vascular access types and for patients dialyzed with a catheter at the time of the reported positive blood culture (obtained in the facility or during the first 48 hours of hospitalization), and (4) the batch-submitting organization, i.e., three large dialysis provider groups that own and operate multiple hemodialysis facilities (DaVita Kidney Care, Dialysis Clinic, Inc., and Fresenius Medical Care), and two independently operated groups of facilities, one with data submission provided to CROWNWeb by the National Renal Administrators Association, and the remaining independent facilities, which included smaller organizations and single units. We identified 11 hospital-based facilities providing outpatient maintenance dialysis. All data were obtained from the IPRO ESRD Network of New England contract through data use agreements that include maintenance of confidentiality. Because all data were analyzed on the basis of the facility monthly reports of total numbers of unidentified patients, the hospital institutional review board determined that this study did not constitute human subjects research and did not require their approval.
Statistical Analyses
The data were analyzed to calculate bloodstream infection rates as defined by the CDC Dialysis Event Protocol (17) for patients with all vascular accesses, catheter accesses, and noncatheter accesses (arteriovenous fistulae and grafts) in each facility each month. The CDC Dialysis Event Protocol defines the bloodstream infection rate as the number of bacteremic events (with one or more positive blood cultures within 21 days considered to be a single event) divided by the number of patients in the facility multiplied by 100. As does the CDC, we summarized bloodstream infection rates by the means (6SD), and facility census data by medians with quartiles 1 and 3 (interquartile range [IQR] ).We categorized the catheter proportions by facilities with ,10%, 10%-14.9%, 15%-19.9%, and $20% catheter patients each month, and presented raw bloodstream infection numbers and rates for each category. In addition, we assessed bloodstream infection rates for facilities with ,25, 25-49, 50-99, and $100 total patients, for the five batch-submitting organizations and the hospital-based outpatient facilities, and the four seasons of the year (defined as winter, January-March; spring, April-June; summer, July-September; and fall, October-December).
We fit log binomial regression models to evaluate the association between bloodstream infection rates and facility characteristics using generalized estimating equations methods with a compound symmetry correlation structure to account for the correlation of the monthly observations within the centers adjusting for facility catheter percentage, patients per facility, batch-submitting organizations, hospital-based facilities, and season of the year. We report Wald P values, adjusted risk ratios (to account for potential confounding by any of the other covariates in the model), and 95% confidence intervals (95% CIs) for all patients, patients with catheters, and patients without catheters. We fit a generalized estimating equations model with an identity link to estimate the average proportion of patients with catheters by batch-submitting organization. All statistical analyses were conducted using SAS statistical software (version 9.4 for Windows; SAS Institute Inc., Cary, NC).
Results
Total Study Population
There were 170 facilities with 24 months of data and nine facilities with 6-23 months of data that provided outpatient maintenance hemodialysis in New England in 2015-2016, yielding 4203 total monthly observations with an average of 12,693 patients per month. There was a median of 60 (IQR, 43-93) patients per facility, of which a median of 10 (IQR, 6-16) patients (17%) had catheter accesses. The mean bloodstream infection rate per 100 patient-months was 0.5261.1 for patients with all vascular accesses, 2.1566.5 for patients with catheters, and 0.2360.8 for patients without catheters ( Table 1 ). The relative risk of a bloodstream infection in patients with a catheter compared with patients without a catheter was 7.5 (95% CI, 6.3 to 8.9; P,0.001). Comparing year 2016 and 2015, the relative risk for bloodstream infections was 0.98 (95% CI, 0.86 to 1.12).
Analyses of Patients with and without Catheters, by Provider Organizations
The unadjusted mean bloodstream infection rates in the subset of patients with and without catheters are shown in Table 1 . Multivariable regression analysis (Table 2) showed that for bloodstream infection rates in patients with catheters, four of the dialysis provider organizations had 1.44 (95% CI, 1.07 to 1.93) to 1.91 (95% CI, 1.39 to 2.63) times the bloodstream infection rate of provider 3 (P,0.001; Figure 1A ). The mean bloodstream infection rates for patients without a catheter were not different among the five provider batch-submitting organizations ( Figure 1B ), but two provider groups had significantly higher bloodstream infection rates than provider 3 in all patients because of the high bloodstream infection rates in their patients with catheters. In the 11 hospital-based outpatient facilities, the mean bloodstream infection rates of patients with catheters (3.8468.9 per 100 patient-months) and the adjusted bloodstream infection risk ratios (1.23; 95% CI, 0.74 to 2.02) were insignificantly higher than nonhospitalbased facilities. However, removing the hospital facilities did not change the significance of the bloodstream infection risk ratios between the provider organizations ( Table 2 footnote a).
Analyses by Facility Proportions of Patients with Catheters, Census, and Season
The mean bloodstream infection rates for patients with catheters are significantly and progressively higher in facilities with lower proportions of this patient group. The facilities with ,20% catheter patients have higher bloodstream infection rates in this patient group than facilities with .20% catheter patients, and facilities with ,10% catheters have adjusted risk ratios for bloodstream infections in their patients with catheters that are 2.0 times those of facilities with .20% catheters (P#0.001; Figure  2A ). In contrast, the mean bloodstream infection rates were not different for patients with all vascular accesses or noncatheter accesses ( Figure 2B ), on the basis of the percentages of patients with catheters in facilities. Likewise, the bloodstream infection rates were similar for facilities with fewer or more total patients, and were unchanged across seasons of the year.
Because a lower proportion of patients with catheters, with their concomitant higher bloodstream infection rates, might pose a selection bias to explain the higher bloodstream infection rates in this patient group, we assessed the mean percentage of patients with a catheter in the five provider batch-submitting organizations and the hospital-based outpatient facilities (Table 3) . Although there is a significant difference between provider organizations, on the basis of the multivariable analysis of the risk ratios adjusted for the facility proportion of catheters, a lower percentage of patients with catheters among the dialysis provider organizations and the hospital-based facilities compared with provider 3 would not offer an explanation for the comparatively higher bloodstream infection rates in this patient group.
Discussion
We undertook an observational study of all Medicare facilities that provided outpatient hemodialysis in New England throughout 2015 and 2016 to assess the associations of bloodstream infection rates in patients receiving hemodialysis with catheter or permanent vascular accesses in each facility. As expected, patients with catheters had much higher bloodstream infection rates than patients without catheters, with a relative risk of a bloodstream infection in patients with versus without catheters of 7.5 (18) . However, we found wide disparities of the bloodstream infection rates in patients with catheters among hemodialysis facilities, such that four dialysis provider organizations had adjusted risk ratios of 1.44 (95% CI, 1.07 to 1.93) to 1.91 (95% CI, 1.39 to 2.63) times the best-performing dialysis provider organization. Because the bloodstream infection rates for patients without catheters were similar among all of the provider organizations, these findings may suggest differences in the infection control techniques for patients with catheters among the facilities of the various provider organizations. Catheter care at initiation and completion of hemodialysis is largely performed by patient care technicians, rather than nurses, in outpatient hemodialysis facilities in the United States. Without prior professional knowledge, the training of these patient care technicians is performed by the dialysis facility or provider organization that hires them. Our finding of significantly higher bloodstream infection rates of patients with catheters among hemodialysis facilities of certain provider organizations is concerning. The training programs for newly hired dialysis technicians and nurses are, in general, more formalized, with 6 weeks of classroom training, and extensive, lasting 12 weeks overall, in some dialysis provider organizations rather than the variability of learning largely by apprenticeship that takes place in other dialysis provider facilities. In two recent editorials (10, 19) , Dr. Kliger requests that the kidney community target zero preventable infections with the "Nephrologists Transforming Dialysis Safety" effort; our data support this need BSI, bloodstream infection; 95% CI, 95% confidence interval. a Each column represents a separate log-binomial regression model that was fit using generalized estimating equation methods. Each model was adjusted for the following variables: facility catheter percentage, patients per facility, batch-submitting organizations, hospital-or nonhospital-based outpatient facility, and season of the year. When the model is calculated with the hospital-based outpatient facilities removed, the results are essentially the same, with only small changes in the second decimal place (P remains ,0.001). b Number of BSIs, total patient-months, and adjusted risk ratio comparisons are shown for hemodialysis facility subgroups for all patients with any vascular access, patients with catheters, and patients without catheters. c For the three large dialysis organizations and the two independently owned facilities, we have maintained the same randomized order as Table 1 and omitted the number of bloodstream infections and patient-months to preserve confidentiality of the provider organizations. Among these groups of providers, the number of bloodstream infections ranged from 71 to 508 overall and from 43 to 287 in the patients with catheters.
for better infection control techniques for catheter care in many hemodialysis facilities. One surprising finding was that bloodstream infection rates in patients with catheters were negatively correlated with the proportion of this patient group in the hemodialysis facilities. When comparing subsets of facilities having increasing proportions of patients with catheters, we found that, in facilities with ,10% catheter patients, these patients had high bloodstream infection rates of 4.4 per 100 patient-months, falling progressively to as low as 1.5 per 100 patient-months in facilities with .20% catheter patients, for an adjusted relative risk of 2.0 (P#0.001; Figure 2A ). No such relationship was found between the overall bloodstream infection rates or the bloodstream infection rates of patients without catheters and the percentage of patients with catheters. Although an observational study can only speculate on the cause of this striking difference, we suspect two explanations may be inferred from our data.
First, it has been previously shown that there are selection factors among patients with catheters that contribute to the majority, or over two thirds, of the significantly higher mortality rates of patients with catheters over patients with arteriovenous fistulas (20, 21) . More recently, data have shown that patients receiving hemodialysis who undergo fistula placement had lower bloodstream infection hospitalization rates than those who undergo graft placement despite greater catheter dependence (22) , a reason to suspect selection factors among subsets of patients with catheters that may predispose them to greater or lesser risks of infection. This leads us to speculate that there may be a "dilution" of patients with catheters in facilities with high catheter percentages, with greater numbers of patients selected for permanent accesses at other facilities, who are therefore at lower risk of both bloodstream infections and mortality. For instance, patients with catheters in facilities with low catheter percentages may be mainly higher risk patients that are considered to be less suitable for permanent accesses, whereas those in facilities with .20% catheters may include "healthier" patients that would not have a catheter in the ,10% catheter facilities. Of course, this speculation makes the unwarranted assumption that we can exclude the effect of the catheter to increase bloodstream infections in these presumptive lower risk patients. Moreover, even if this dilution effect theory is true, by projecting the bloodstream infection rates of patients without catheters to those with catheters, we could mathematically explain only a portion of the markedly lower mean bloodstream infection rate of 1.47 per 100 patient-months in facilities with .20% catheter percentages. In addition, although patient selection factors likely play a major role in explaining the large differences in bloodstream infection rates among hemodialysis facilities, particularly for the hospital-based outpatient facilities, (Table 2 footnote a) with .20% catheter patient population as referent. differences in the proportion of patients with catheters in the facilities of the various provider organizations fails to account for their differences in bloodstream infection rates in this patient group.
Second, as noted above, the wide disparities in bloodstream infection rates among hemodialysis provider organizations raise concern that infection control techniques may be better in facilities with greater numbers of patients with catheters. At the very least, the experience all staff receive in treating patients with catheters is more frequent in facilities caring for higher proportions of this patient group.
Whatever the actual explanations for this large disparity are, we propose that bloodstream infection rates in patients with catheters may serve as a better quality-of-care parameter of facilities than their overall bloodstream infection rates and be of similar importance as their percentage of patients with catheters. Bloodstream infection rates in patients with catheters are likely to reflect aspects of the facility's quality of infection control directly whereas the proportion of catheters are only marginally under the facility staff's control (i.e., they are on the basis of patient referrals, vascular access surgeons available, affiliated nephrology practices, etc.). The importance of bloodstream infection monitoring has been stressed to create quality improvement programs for better patient care and outcomes (5, 23) . We endorse the risk-adjusted bloodstream infection rates added to the 2018 CMS ESKD QIP (24,25), but suggest that the QIP would be better limited to bloodstream infection rates in only patients with catheters rather than overall bloodstream infection rates. The overall bloodstream infection rates include patient selection factors, such as diabetes or peripheral vascular disease, that are not under facility control and difficult to adjust for "risk" rather than the quality of the hemodialysis facility's catheter care techniques.
Additionally, we found no effect of either facility size on the basis of patient census or season of the year on bloodstream infection rates. The lack of a seasonal influence conflicts with that of a Dialysis Outcomes and Practice Patterns Study study showing higher catheter-related infection and septicemia rates in the summer (26) . This difference may represent a change in catheter care between the time period of their study from 1996 to 2009 and ours from 2015 to 2016, or perhaps, the variation of our seasonal dates (calendar-defined with January 1 as the start of winter) from theirs (solstice-defined, with December 22 as the start of winter).
The limitations of our findings are it is a retrospective observational study subject to over-or underreporting and selection bias, in which case mix adjustment is not possible. The data depend upon the accuracy of reporting to CROWNWeb and NHSN, which we think was quite accurate by 2016. The IPRO ESRD Network of New England sends out requests monthly to all facilities with missing data, helping to ensure completeness. Moreover, our large sample of all New England adult hemodialysis facilities operating throughout 2015-2016, with .4000 monthly observations in .12,000 patients each month, allowed for robust statistical comparisons. In our unselected study population, the bloodstream infection rate is unbiased by selected study populations (26) and for this reason may be considerably higher than in clinical studies (3) . There were small numbers of nontunneled catheters included among the patients with catheters, a group found to be at somewhat higher risk for bloodstream infections by some (11, 27) , but not all reports (28) . Only six bloodstream infections were reported in patients with nontunneled catheters throughout 2015-2016, not affecting the bloodstream infection rates of patients with catheters. There are other limitations that might be cited. The bloodstream infection rates were not reported separately for patients with catheters less than or more than 90 days, and the number of patients in each facility is only on the basis of the first two dialysis days of the month, as reported in CROWNWeb. Of course, there may be considerable heterogeneity among the facilities in the provider organizations with high bloodstream infection rates that cannot be assessed from cumulative data. Further, perhaps our findings may not be applicable to facilities outside of New England, but studying the patients of this somewhat more homogeneous region should allow for better comparisons among the different hemodialysis facilities.
In summary, we found that four dialysis provider organizations have significantly higher bloodstream infection rates in patients with catheters than one of the dialysis provider organizations. Furthermore, an unrecognized counterintuitive finding is that hemodialysis facilities with lower proportions of patients with catheters have markedly higher bloodstream infection rates in this patient group than those with higher proportions of catheters. However, that finding did not explain the differences of bloodstream infection rates between the dialysis provider organizations. These data point to a need for better infection control training and experience of the staff in facilities with low proportions of patients with catheters and facilities operated by some dialysis providers. Also, because facilities with low proportions of catheters were presumed to provide higher quality of care without specific evidence of this, the bloodstream infection rate in patients a The five batch-submitting organizations remain in the same randomized order as Tables 1 and 2 . The 11 hospital-based outpatient facilities are listed separately from the other provider groups, which show only the percentage of patients with catheters in their nonhospital-based facilities. Despite the significant differences between provider organizations, the percentages of patients with catheters did not account for the differences in bloodstream infection rates in this patient group between the provider groups.
with catheters may be a better parameter of the actual quality of care than the percentage of patients with catheters.
